REPORT: (The report shows the major requests for revision and author responses. Minor comments for revision and miscellaneous correspondence are not included. The original format may not be reflected in this compilation, but the reviewer comments and author responses are not edited, except to correct minor typographical or spelling errors that could be a source of ambiguity.)
We also note that the comments of Reviewer 3 make the point that a lot more clarification is needed. For example, it is very difficult to understand what goes into the calculation of degradation rates and truly understand the many pitfalls (related to biology -such as N-assimilation rates, amino acid pools and recycling, biological variation; related to MS data and processing, including spectral analysis; data consistency and missing values). It is also very difficult to understand the integration of the total protein abundance (data set for unlabeled with spike in sample) and the 15N growth labeling. We think that the manuscript needs substantial re-writing (including attention to all aspects: results, discussion, figure legends) to be accessible to and aimed at plant biologists, not mass spec experts. Please address all of Rev 3 comments to the best of your ability with this in mind.
The reviewer who responded by email made the following comment: "The authors should discuss possible problems with compartmentation of the label during the chase procedure. In other words, if the nitrogen is not homogeneously taken up or converted to amino acids at the same rate in each cell then the interpretation of the rates may be incorrect particularly in comparing developmentally separated leaves. Also, a description of the isotope procedure in this paper itself rather than previous manuscripts would greatly enhance its readability." In case this reviewer agrees to look at it again, it would be useful to address his/her comment as well.
If you choose to re-write the manuscript and re-submit along with the relevant data, we will send it for re-review promptly, and will try our best to expedite the decision. Our intent is to send it a reviewer with expertise in the methodology (14N/15N labelling) and a reviewer with interest in the biology of organelles.
----------------------------------------------------------------------------Reviewer comments:
[Reviewer comments shown below along with author responses]
TPC2016-00768-LSB Submission received October 4, 2016
Reviewer comments on previously declined manuscript and author responses: RESPONSE TO EDITOR: We have submitted this as a large-scale biology manuscript because detailed information on the in vivo degradation of different proteins in Arabidopsis leaves (properly controlled for growth and development of the proteome) is not present in the literature. However, it would help many system biology assessments of the dynamics and costs of plant growth and it is currently lacking in omic level assessment of plants. Specific protein degradation rates should also impact on our interpretation of transcriptional profiles to know how fast different protein types are degraded and whether or not this itself is an intrinsic property of a specific protein or a dynamic property that is influenced by changes in protease networks. Ultimately it relates to the question: what drives protein abundance changes in plant tissues? Transcription /translation or protein degradation? The answer will depend on plant tissue growth rates and a far better understanding than we have of what defines protein turnover rate so it can be systematically measured and/or effectively predicted.
Here we have used technology we have developed on a larger scale than done before, taking into account all the factors we can control in plant growth, and then used the data to explore the relationship of degradation with the many intrinsic factors that we and others have predicted should be driving it. Our data show that Arabidopsis protein half-lives vary from several hours to several months. In assessing intrinsic factors to explain these protein degradation rates, little effect of the N-end amino acid of proteins or protein aggregation propensity or hydrophobicity were found, however protein complex membership and specific protein domains were strong predictors of degradation rate. We found new rapidly degrading subunits in a variety of protein complexes in plastids, identified the set of plant proteins whose degradation rate changes in different leaves of the rosette and correlates with leaf growth rate, and calculated the protein turnover energy costs in different leaves and their key determinants within the proteome. We think this large-scale dataset and its analysis will be broadly useful for plant biologist with a wide variety of interests.
This was reviewed previously as TPC2016-00425-LSB (Protein degradation rate in Arabidopsis thaliana leaf growth and development) and the decision letter, while a decline, indicated that it would be re-reviewed if the technical considerations and text clarifications were made.
Our previous studies (Li et al, 2012; Nelson et al, 2014) provides detailed description of our calculation strategies and the degree to which factors such as pool size and growth rate impact calculations that could affect degradation rates. These have been developed and refined for both cell culture and plants. We aimed here in our first version to focus on the biological reasons for rates and their implications and the degree to which protein degradation rate can change during leaf growth, rather than the technical details of the calculations themselves. However, we realise the challenge of understanding the calculations from measured 15 N and 14 N ratios and a growth rate and the assumptions and caveats involved.
To resolve this, we have rewritten the first few sections of results to deal with this issue to help readers review the factors we consider for the calculations and our reasoning and also calculate lag time and other issues for this dataset. Our methodology rests of a wider literature of using 15 N and 14 N in degradation rate calculations outside of plant biology, and some of the caveats and concerns raised would be true for all measures using this approach, but we address them as they are raised below.
The protein abundance (fully 15 N labelling as reference) experiments and rate of degradation (progressive 15 N labelling) experiments are two independent datasets. We do not integrate the two datasets together in calculations per se. We measured abundance (now in Figure 3 ) of many proteins in order to document the degree to which the steady state assumption of the degradation rate calculations were a fair assessment in the three leave types. Many studies just assume that in a given tissue after only a few days this steady-state holds without any treatments. The degradation rate calculations themselves do not use specific protein abundance data, therefore we do not need 1228 specific abundance measurements to match to 1228 specific degradation measurements.
In response to author queries about the 15 N spike experiment, we have revisited this analysis. We found that while we identify over 10,000 proteins in these analyses, too few of them were being assigned quantitative ratios. We previously used Mascot Distiller for these metabolic fully labelling quantifications, however, it has been criticized for erroneous pairing and mis-quantification for fully 15 We have now provided the peptide identification evidence (peptide seq, score etc.) behind the claims as requested in supplemental files as per MCP requirements. This has been complicated by the fact that peptides are identified many times in different fractions due to the need for low complexity spectra for the degradation calculations so there is great redundancy in these lists for a given peptide. This redundancy is also necessary as proteins are identified many times at different times during the course of experiments to link isotope ratios of peptides to peptide identifications.
We have now uploaded all 792 primary MS files to PRIDE. We will point out that the partially labelled spectra are very complex to interpret, and PRIDE does not provide for them beyond upload of the raw files themselves.
We agree it is important that the basis of the calculations and thus how the degree of labelling of the different AA pools will affect our measurements in being understood by readers. The issue is a once off time lag rather than an ongoing systematic error associated with levels of label. This was discussed and calculated in Nelson et al 2014.
The scripts we use make a binary differentiation between two populations of peptides -those that reflect natural abundance of 15 N, and any peptides with a non-natural abundance of 15 N. As the peptides we measure contain 8-30 Ns per peptide, we only need a few Ns anywhere in the peptide to place it in the non-natural abundance 15 N population of peptides. Once in the non-NA pool it is counted as heavy labelled, the degree of heavy labelling forms no part of the calculations. This is distinct from measurements of the incorporation level of any one specific amino acid within in peptide, which would indeed require us to follow both the peptide incorporation rate and the free AA pool incorporation rate to calculate new peptide levels. We have added text on this to the results section.
The reviewer is concerned with the idea that within a tissue there could be cell types that are prevented from gaining new N for long periods. If this was the case, indeed this would be an issue, but in these terms our data like nearly all biochemistry and proteomics is an average of cell types in a tissue. So all quantitative proteomics is the average response, not the response in specific cell types. We are not aware of literature that has divided plant dicot leaves into cell types and shown differences in 15 N incorporation rate to justify this concern as a major error in our average rates for a leaf. We have noted this in the results section
The three different leaves do show some differences in the 15 N labelling efficiency, this is now shown for the whole dataset in Supp Fig 4. However the evidence is that this is not enough to significantly affect our calculations at 1D, 3D and 5D. There will be a short time interval when 15 N incorporation is below the threshold to separate the two populations. A regression method can be used to determine this lag effect as Figure 1 show lots of green. Please show a plot of protein amounts for each leaf over these 5 days, in addition to protein/FW or total FW. Some of this information is shown in Suppl Data file 1 -but this looks more like an in-house worksheet. Panel B -explain that this is now from MS analysis, in contrast to panel A. Please clean this up.
Response: FCP is a fold change in protein abundance. It is a ratio change compared to a starting point (T0) so it does not have a unit (Li et al, 2012). Based on FCP changes, we can calculate a growth rate (d -1 ) which is used for correlation analysis to a degradation rate (d -1 ) (with the same unit). Because of this, we aimed to measure protein fold change as a ratio to T0 rather than protein amounts in multiple samples over time course. We need to make the ratio to T0 for our calculations, even if absolute protein amounts over time course were presented. We had added the requested text to the legend. The panel in question (now in Figure 3 ) is now noted as being derived from mass spectrometry data in the legend.
For the aid of reviewers, we have now provided the requested graphs of protein amount and ImageJ gel pixel area per leaf and amido black protein measurements of leaf extracts in a modified Supplemental Data 1. Protein extraction procedures for amido black increased variation and in our hands resulted in imprecise FCP measurements. We consider that dissolving ground whole leaf in SDS sample buffer and running all proteins into gels, and then staining for measurement of total protein fold change to T0 lane (Method Section and shown as Fig  S1-D) is a better and more accurate method. The green colour has a negligible effect on determination of ratios. We confirmed this by making measurements of different band regions outside of the green colour and did not detect significant differences to whole gel lane calculations.
Point 2. Page 5. 142-143. It is stated that the PCA showed only minor variation. But in the figure legend it is stated that outliers were removed (page "Outliers outside the range (0.5, 2) in original data were removed to minimize the effects of sample to sample protein changes).
Response: There were a number of extreme values (e.g. 100, or 0.01) in our dataset. We considered these out of the measurement range of our MS protocol, they derive from missing peaks and are not reproducible. In response to author queries about the number of missing values in the 15 N spike experiment and outlier removal, we have now revisited this analysis in detail. We found that while we identify over 10,000 proteins in these analyses, too few of them were being assigned quantitative ratios -producing missing values and some erroneous values. Previously we used Mascot Distiller for these metabolic fully labelling quantifications (first version methods); however, we have found out it has been criticized for erroneous pairing and mis-quantification for full 15 We have quantitative information on 1697 non-reductant proteins now, 955 of which were in the set of 1228 for which we have KD measurements. We have reorganised the order of presentation of the turnover and the spike experiment to better explain their interconnection and analysis. To illustrate the 15 N spike data by PCA we have focused on the 955 which are common with our KD data. We tried two options for PCA analysis: Firstly, all raw data were LOG10 transformed for PCA analysis. Secondly, outliers in raw data were determined by Grubbs test and outliers were reset to boundary values 0.44 or 2.32. This removes the obvious outliers in the spectral matching process to focus on biological changes in untreated leaves that occur during the 5 day sampling period. Two independent PCA analyses show similar results, the latter is shown in Figure 3B . It shows that while there is some variation in abundance between specific timepoints for the 955, there are very few cases where protein abundances significantly change across the time course in a leaf, implying developmental changes in abundance are rare in this timeline in all three leaves, albeit the data are more stable for leaf 3 and 7 as noted previously.
Point 3. Page 5 -lines 150-153. Leaf proteomes 3 and 7 are in steady state -meaning here that whereas total protein does increase (in particular leaf 7), the relative protein abundances are constant. The only logical conclusion is that then net protein turnover is the same for all proteins (as defined by synthesis minus degradation); however individual proteins can of course have very different synthesis and degradation rates. In case of leaf 5, the actual relative abundances of the proteome does change over the 5 day growth period -the conclusion here must be that net protein turnover differs across proteins -this is more complex than for leaf 3 and 7.
Response: Yes, leaf 5 did have some proteins changing in abundance between specific time points notably in comparisons to the day 5 samples. This point is made in the manuscript when these are discussed.
Point 4. Page 5 -where are the data for these 432 samples and the protein identities and quantifications -please refer to relevant Supplemental data (this is probably Suppl Point 5. Uploading into ProteomeXchange via PRIDE is needed for evaluation of spectral qualities, etc. for this current study and for future use (the cited Supplemental Figure 6 shows selected MS plots for three proteins in leaf 3,5 and 7).
Response: We have now uploaded all 792 primary MS files to PRIDE. We will point out that the partially labelled spectra are very complex to interpret, and PRIDE does not provide for them beyond upload of the raw files themselves. Response: As noted in response to the editor, the two experiments are independent -specific protein abundance differences are not used in the degradation rate analysis. Specific protein abundances are used instead to clarify if steady-state principles are a fair approximation for the tissues in question. This approach is routinely used in the literature.
Point 8. In general, it is very difficult to understand what goes into the calculation of degradation rates and truly understand the many pitfalls (related to biology -such as N-assimilation rates, amino acid pools and recycling, biological variation; related to MS data and processing, including spectral analysis; data consistency and missing values).
Response: we have now made this clearer in the beginning of the results section
Point 9. Also, the integration of the total protein abundance (data set for unlabeled with spike in sample) and the 15 N growth labeling is difficult to understand. Given the conclusion on page 5 for the differences between leaf 3/7 and leaf 5 with respect to total relative abundance and steady state, are the calculations and conclusion the same for these 3 leaves?
Response: we have focused our analysis on leaf 3 and 7 because of the effects in leaf 5, however, when the leaf 5 data are incorporated they make little if any difference to average KD values and they nest as expected in a range of analyses e.g. Figures 5 and 6 .
Point 10. Lines 185-190 -how are resident ER/Golgi proteins recognized. This is notoriously difficult. Many ER/Golgi proteins are also found in other locations (eg PM, vacuole).
Response: As noted in the methods, we use SUBAcon to assign location that is based on a Bayesian classifier approach combining experimental and predicted data (Hooper et al 2014).
Point 11. Page 7. Lines 214-216 . I don't understand this argument -perhaps rephrase?-and indeed this hypothesis was not confirmed in the following analysis. Rather the main driving force is damage to proteins resulting in various PTMs, loss of protein interactors, proteins misfolding/degradation and/or active signaling cascade leading to PTMs that directly drive degradation (e.g. ubiquitination).
Response: This appears to be a confusion between the mechanism of specific protein molecule degradation and the average rate of degradation which is what we are trying to measure, or predict. We have sought to explain this difference.
Point 12. Figure 5 plots growth rate (x-axis) and the ratio of degradation rate in young leaf #7/older leaf #3 -this Yparameters (panels A-E). It is hard to understand the implications of these patterns. I think it means that for photosynthetic proteins, degradation rates are higher in leaf 5 or 7 than in leaf 3 when leaves grow fastest. The opposite is true for e.g. cytosolic ribosomes. I don't understand that.
Response: This is indeed what we see. There are no other direct experimental datasets in plants to compare this to. As explained in the discussion, we think these degradation changes are related to two different growth and developmental scenarios:
1. Relatively rapid chloroplast division in young leaves. Only 50-60% of leaf protein is soluble which means the remainder of proteins in leaves are insoluble proteins. This means that RBCL represents only about 23% of total leaf protein by mass or 16% by molar ratio in Arabidopsis. The PaxDb numbers or RBCL are 8% by mass and 6.6% by molar ratio. It is evident from PaxDb that Rubisco RBCL represents the extreme outlier from its normal distribution of abundances and it is reasonable to assume that mass spectrometry measures will be saturated in analysis for such highly abundant proteins. Given the importance of RBCL to the energy cost numbers we have replaced the PaxDb number with the 16% molar ratio that would be expected from the analysis above. We have outlined our reasons in the text and recalculated our presentations. While numbers change the overall point of the analysis remains unchanged.
Point 15. Why is the correlation between abundance and degradation rate in the calvin cycle inverted? Ie lower abundance, lower turnover. Could this reflect a problem with underestimating abundance by MS of highly abundant proteins?
Response: Our abundance changes between leaves are based on 15 N/ 14 N ratios rather than absolute amount measurements in the label-free protocol. MS saturation would be less likely to affect the ratios discussed here.
Point 16. Line 587-590 -see also discussion on ribosome for when comparing mRNA-protein in maize leaves (Ponnala et al 2014 Plant Journal).
Response: We appreciate the reviewer for this reference. Our finding that ribosome proteins show changing degradation in different leaves provides evidence for the poor ribosomal mRNA-protein correlation observed in maize (Ponnala et al, 2014). Our claim that protein degradation plays a role in modulating ribosome abundance support previous hypotheses (Ponnala et al 2014&Baerenfaller et al, 2012)
. We now noted both reports in our discussion on this question.
Point 17. Discussion on plastid division -I don't follow and the conclusion that young leaves have more potential for plastid division is rather an obvious one. Discussion on protease -see also Majeran et al (2010) Plant Celldemonstrating correlation of different plastid protease with leaf development.
Response: The abundance increase of plastid division associated proteins suggest more frequent plastid division events in young leaf (L7) (Discussion). We have now tried to state more specifically that protein synthesis, folding and degradation functional categories are more abundant in young leaf ( Figure 5A) 
TPC2016-00768-LSB 1 st Editorial decision -revision requested November 20, 2016
The editorial board agrees that the work you describe is substantive, falls within the scope of the journal, and may become acceptable for publication pending revision.
We apologize for the lengthy review process, but we have now received three positive reviews, and on this basis, the Plant Cell is in principle interested to publish this story as a large-scale biology paper, after substantial revisions. In order to speed up the process, we will consider a revised version, aiming to do this without sending it out for further review, pending the quality of the revision.
All three reviewers made a number of specific comments, regarding figures, legends, tables, and text that must be specifically addressed in a satisfactory manner. Furthermore, the three reviewers were also unanimous in that the manuscript needs further improvements in explaining methodologies, assumptions and various interpretations. Reviewer #2 suggests an extra text supplement that explains the experimental design and the most important paradigms behind it verbally in a hierarchical fashion. The discussion must also be strengthened by focussing it, as it is rather lengthy and speculative.
-
---------------------------------------------------------------------------Reviewer comments:
[Provided below along with author responses]
TPC2016-00768-LSBR1 1 st Revision received January 12, 2017
Reviewer comments on previous submission and author responses:
Li et al report here on a study aimed at determining protein degradation rates in three different leaves of the Arabidopsis rosette. For this, the authors have used a previously established and published protocol based on progressive 15 N labeling. From a total of 360 LC-MS runs the authors have extracted the labeled protein fraction (and thus the fraction of a protein pool that has been replaced by newly synthesized copies during the labeling time) for 1228 proteins. Based on the increase of leaf protein during the labeling time (1, 3 and 5 days) the authors have calculated the growth dilution factor for each leaf. They have then used both data sets to determine the degradation rates (Kd) for these 1228 proteins. Moreover, using a 15 N universal standard, the authors have determined the relative increase in abundance of 1697 proteins in the three leaves during 1, 3 and 5 days, with data from both analyses available for 955 proteins. This analysis revealed that the proteomes in the three leaves were largely in steady state and allowed correlation analyses of Kds with relative differences in abundances across different leaves. I very much like this study, the experimental setup is very well thought out, the large-scale MS analyses have been conducted very carefully. I very much like the elegant correlation analyses performed to identify factors explaining the different degradation rates of various protein categories. This is Plant Systems Biology par excellence and this work definitely should be published in The Plant Cell! My major critique is the overall poor description of the different approaches taken in text and Figure legends . Very often I did not get what the authors are referring to. This deficit makes it arduous for the reader to follow this excellent work (and is the reason why I was late in handing in the review) (see specific comments). Another critique is the rather lengthy and speculative discussion. There are also some mistakes in the discussion that need to be corrected. . Based on such data from soil grown plants, the growth rates we report in this study are likely to be mainly due to cell elongation and vein procambial cell biogenesis rather than new palisade mesophyll cell biogenesis.
literature to estimate protein turnover energy costs. We don't think there is enough information to accurately predict the errors in each of these measurements on a protein by protein basis. As research on these different factors progresses we expect that improved calculations for protein synthesis and degradation energy costs will be available in the future.
Point 8. Figure 5B : what is relative delta-abundance? Is this log2 difference? Please make this clear. Some proteins within the complexes play special roles, e.g. psbW in PSII dimer formation. Here a change in abundance in might make sense if the proportion of PSII dimers changes during leaf maturation. Are the subunits all structural components? If also assembly factors are included this would be misleading, as their abundance is also likely to change in maturating leaves. Are proteins in B ranked in the same way as in C? This would be crucial to compare the values. Please provide this information in the legend. Ideally protein names were given here. Again, the statement that "Error bars show standard errors over time courses (T0, 1, 3 and 5 days)" is cryptic. Shouldn't this be SE of the differences calculated?
Response:
Relative ∆Abundance is the differences in abundance between L7 and L3 normalized by their average i.e. (L7-L3)/Average (L7, L3). This had been described in the Methods section. To help readers to follow, we have provided raw data for Fig 5 B and C in Data S5 A-B.
We have used Mapcave for grouping complexes, which does not include assembly factors for PSII or other complexes. We used standard error over time to specify that the SE is based on measures in a given leaf across all time points. This is now changed to "Average KD and standard errors calculated from data for each leaf were shown".
Point 9. Line 592: "This may in turn explain faster turnover of a range of metabolic protein sets in younger leaves, such as Calvin cycle and photorespiratory enzymes and light reaction complex subunits." Why should these proteins be more prone to degradation?! Response: Selective degradation changes of specific groups of proteins is our observation. Please also refer to our first response to reviewer 3. There are no other direct experimental datasets in plants to compare this to. As explained in the discussion, we think these degradation changes are related to different growth and developmental scenarios:
1. Relatively rapid chloroplast division in young leaves.
Relatively slow chloroplast division in old leaves.
Changes in photosynthesis machinery and ribosome degradation rates changes between old and young leaves highlight a role of proteolysis in controlling or responding to developmental events in leaves.
Reviewer #2:
I have carefully read the manuscript entitled "Protein degradation rate in Arabidopsis thaliana leaf growth and development" (#TPC2016-00768-LSB) including supplements submitted for publication in The Plant Cell several times. The authors report protein degradation rates of 1228 of the most abundant Arabidopsis thaliana proteins, together comprising more than 90% of total leaf protein abundance in different growth scenarios. The analysis utilized a partial metabolic labeling approach under the assumption of proteome steady state conditions which were experimentally verified, complemented with full metabolic labeling experiments to relatively quantify protein abundance in the individual leaves at different time points. Measurement of individual protein degradation rates on a large scale is still in relative infancy especially in plants and I believe this paper definitely represents a milestone. Indeed, it builds on much of the authors' previous work which has pioneered the methods and mathematical models behind such types of protein turnover studies. As such I have no serious concerns regarding the experimentation or proteomics work which is my actual area of expertise. Some small points and questions to this are: Point 1. I am familiar with the peptide / protein prophet algorithms and I realize 80% peptide / 95% protein confidence settings are quite stringent. Nevertheless, I think it would be helpful for readers who are not so familiar with proteomics to see a peptide and protein false discovery rate. Please can you provide these FDRs for your datasets?
Response: We used iProphet and ProteinProphet from the Trans Proteomic Pipeline (TPP) to analyse peptide and protein probability and global false discovery rate ( Point 3. I am curious to know how the 15 N labeling efficiency which is reported to be 98% was determined. On page 22 line 780 is says a cut-off of >80% enrichment was applied. Why, if enrichment was 98%?
Response: The proportion of 98% is determined by an in-house script using a non-negative least square (NNLS) analysis. See also the response to Reviewer 1's question 6 on enrichment. There are cases that peptides suitable for quantification did not show 98% enrichment from this method. The reason is there can be interfering spectral features that appear between NA and H that will cause an underestimation of 15 N labelling efficiency. Because of this, the >80% enrichment cut-off helped define the rough region of heavy mass spectrums in the pipeline and provided a filter to remove uninterpretable spectra. NNLS has the extra capability to separate heavy mass spectrums into subpopulations. In our calculations of ratios, we only used the 98% population as the heavy population. So we have used multiple filters of our data to get high quality data as described in the methods section, and 98% enrichment is a valid appraisal of the biological enrichment in specific peptides in our reference standard. Response: We have 27 independent samples (three time points in three leaf ages with biological triplicates 3*3*3) for KD measurements. The reviewer is right that we reported averaged protein KD values across 27 independent measurements. This averaged KD gives the broad picture of degradation rates of specific proteins in the whole Arabidopsis plant averaged over developmental and growth differences in specific leaves. There are more than two orders of magnitude of degradation rates across the proteome in such estimates.
In addition, our experiments enabled us look at changes in protein degradation rate in different leaves in the same plant ( Supplemental Fig 2A) . For a specific leaf type/age, we have 9 independent KD measurements (three time points with triplicates 3*3). The average of these 9 independent measurements are what we used for degradation rates comparisons. We have provided a supplemental text explanation of the experimental design in Supplemental Figure 2 . There were only 2 to 4 fold changes for <20% of the proteome in these KD comparisons between leaves.
Point 5. On page 8 line 247 / 248. How was this tested? It seems to me there are three time points so T-test may not be the best choice / valid.
Response: We used the paired T-test because it has the advantage to show which time point gives significant difference to others. We did not compare four time points (T0, 1, 3 and 5) directly but perform six independent paired T-test in specific leaves (Fig 3C, Data S3C) . Using this approach, we find no common significant changes in Leaf 3 and 7 for paired comparisons i.e. T0vsT5, T0vsT3 and T1vsT5. Indicating that the differences observed may be more due to multiple testing rather than biology. Given the limitations and concerns about paired T-test, we have also added one-way ANOVA analysis to do multiple time points comparisons (T0, 1, 3 and 5) within Leaf 3, 5 and 7. In one-way ANOVA test, 0.8% (4 out of 513), 29.5% (190 out of 644) and 1% (7 out of 581) proteins show significant differences (Pr>F, p<0.01) over time course. This gives a similar result to the T-testing. This analysis is now provided in Data S3C.
Point 6. Peptides were reduced and alkylated. Why was carbamidomethyl of cysteine set as a variable and not fixed modification?
Response: In our peptide list (p>0.8), only 1% contain at least one cysteine residue. About half of them were not alkylated. This is the reason we set carbamidomethyl of cysteine as a variable rather than a fixed modification in our analysis.
Point 7. In general I found it relatively hard to follow the experimentation and the algorithms and design behind it. Of course I realize this type of experiment is quite complex and also this is not the place to broadly explain these types of studies. Nevertheless I feel the manuscript would be helped with a short Supplement that explains the experimental design and the most important paradigms behind it verbally in a hierarchical fashion. Currently much of the explanations are quite spread out in the text. Figure 2 legend to explain the experimental design and the most important paradigms behind it.
Response: We have provided a text in the Supplemental
Point 8. The authors present a number of bioinformatic studies that they did to interpret and place the data into a biological framework. This is also well done and provides some interesting insights into many aspects of protein turnover and possible function. However, the points which I found the most interesting remained speculative. In particular, the possible relevance of individual complex components with diverging or very high degradation rates partially touched upon in the authors' work in barley and the correlation / anti-correlation of individual proteins with growth warrants further investigation. I would welcome some additional experiments that solidify at least one of these most interesting conclusions.
Response: In this large scale biology manuscript, we aimed to provide a big picture on the degradation rates of over 1000 most abundant Arabidopsis proteins, some observations of new PS fast turnover proteins, correlated changes between degradation and abundance, and energy cost for specific protein turnover. We agree with the reviewer that some of our observations and hypotheses deserve further solidification in future studies.
Reviewer #3:
This a revised and much improved version of a previous submission to Plant Cell. It is very suitable as large data paper and will certainly help the plant community become more familiar with protein turn-over and the many experimental and computational challenges of large scale determination of protein half lifes. While I am not necessarily following every argument and interpretation, this is now a very nice and impressive study. Point 1. page 5 -line 133. I don't understand why this requires that proteins must be in steady state. Would this not exclude a large portion of the proteome? What is steady state here -constant total cellular concentration or weight/fresh (or dry) weight
Response: Steady state is not a prerequisite to determine degradation rates by 15 N progressive labelling. Steadystate in this context refers to when the proportion of a specific protein in the proteome does not change over time, and growth contributes to total protein increase. When specific proteins remain in steady-state over the time course, a single dilution effect can be applied to account for the rate of tissue growth. If a steady-state assumption is not valid, a different dilution effect for each specific protein has to be considered in calculation of degradation and synthesis rates (Li et al., 2012). Our data suggest that almost all proteins in our measurements follow the steady-state assumption (Fig 3C, Data 3C ).
Point 2. Is it not counter-intuitive that the youngest measured leaf, # 7, is in steady state, whereas the older #3 leaf is not?
Response: Proteins in young leaf 7 and older leaf 3 are both in steady state with respect to the proteome as a whole during the experiment, albeit with different dilution effects in each leaf due to their different overall rate of growth. Only leaf 5 at T5 was found to show changes compared to other time points (T0, 1 and 3) . That is the reason why we focused on the comparisons between Leaf 3 and 7.
Point 3. Kinetic signatures of leaf growth. I am still puzzled about the results that degradation rate increase with lower abundance in case of e.g. photosynthetic proteins. As a leaf is growing/expanding there is rapid accumulation of the photosynthetic machinery -this is then relatively stable. I am worried that there is a problem with normalization somewhere. I am thinking about the maize developmental gradient -I can see similar clustering of protein groups, but it is hard to relate this to the observed relationship between abundance and kd. I know that Arabidopsis leaf is different, etc. but still.
Response: As protein homeostasis is a balance between synthesis and degradation, we cannot attribute degradation to be the sole cause of lower abundant photosynthetic proteins in leaf 7. What we observe is that faster synthesis occurs simultaneously with faster degradation of photosynthetic proteins in these younger growing leaves. Protein abundance increase or decrease will depend on the balance between these two processes. During the labelling, Leaf 7 PS proteins do not show rapid abundance increases; but rather remain in steady-state in the proteome (Data S3D). A key biochemical impact of increasing degradation will be the alteration of the age profile of specific proteins in different leaves. This means that Leaf 7 will have younger PS proteins compared to Leaf 3 (Data S6B).
We do understand the reviewer's concern that a normalization based on relatively complicated calculations may be to blame here. We have taken several means to avoid normalization and we still get the same result.
We have compared pre-/post-median polish data to make sure our median polish method does not introduce this phenomenon (Fig S5) .
